It is found that when indotricarbocyanine dye in HeLa cells is exposed to photons with different energies the efficiency of cell damage is wavelength independent provided the photosensitizer absorbs the same number of photons per unit time. In vivo animal experiments with two strains of tumor show that when the wavelength of the irradiating light is increased (668, 740, and 780 nm) 
. The exciting radiation (λ = 683 nm) was delivered to the sample and the fluorescence light was collected and sent to the spectrophotometer system using a light guide.
Results and Discussion. The photoactivity of tricarbocyanine dye was studied in experiments in vitro (HeLa cells) and in vivo on interwoven Sa M-1 and RS-1 sarcoma tumors. If no photosensitizer is introduced, the HeLa cells essentially do not absorb in the 600-900 nm range; the optical density of a suspension containing 2⋅10 6 cells/cm 3 is less than D < 0.006. The cell culture is a medium in which there is no difference in the transmission for light at the wavelengths of the sources used here. Thus, a study of the photoactivity of the dye under these conditions can be used to establish the existence or absence of specificity in its behavior when excited by light with different wavelengths.
A comparison of the efficiency of photochemotherapy using light with different wavelengths must take into account the fact that the degree of damage to cells depends substantially on the power density (flux) of the incident radiation [13, 14] . Photodynamic therapy is based on photochemical reactions whose rate depends on the properties of the photosensitizer and the parameters of the light, as well as on the presence of oxygen in the medium. This last requirement arises from the oxygen demand during a photodynamic therapy session, which, if a sufficiently high luminous flux is used, leads to a significant reduction in the level of oxygenation of the tumor cells and, therefore, to a reduction in the efficiency with which they are destroyed [15] [16] [17] . Thus, the comparison of the efficiency of light induced damage to tumor cells using radiation at λ = 668, 740, and 780 nm was undertaken subject to a number of conditions being met. First of all, the concentration of the sensitizer was kept the same in the tumor tissue and cells during the measurements. In order to establish the time interval over which the photosensitizer concentration is stable, the time dependence of the accumulation of the dye in tumor cells of the HeLa culture was studied (Fig. 1) . The amount of the dyes in the cells as a function of the time the photosensitizer was retained in the culture medium was determined by extracting photosensitizer from the cells using butanol-1 and then taking its absorption spectrum. The concentration of photosensitizer entering a cell was calculated from the known molar extinction coefficient of the dye in butanol-1. Based on the data on the time dependence of the buildup of dye in the tumor cells when the preparation was fed into the culture medium it was found that for incubation times t ≤ 1 h the amount of dye in the HeLa cells increases, and then stays at a fixed level for 3 h. Based on this, in the subsequent studies of the culture medium the incubation time for the preparation was set at 2 h.
In order to ensure the same rate of oxygen and dye consumption during the photointeraction process, at each wavelength conditions were set up so that the same number of photons were absorbed by the photosensitizer in the biological structures per unit time. This was done by selecting the flux incident on the sample for each source. The ratio of the energy flux was determined from the absorption spectrum of polymethene dye in HeLa cells (Fig. 2) at λ = 668, 740, and 780 nm in accordance with values of (1 -T) proportional to the amount of photons absorbed by the photosensitizer, where T is the transmission of the sample. These data were used to calculate by what factor it is necessary to increase the flux of the incident light corresponding to the edges of the spectrum compared to the maximum absorption. Thus, in order to ensure that the same number of photons is absorbed by the photosensitizer per unit time, at λ = 668 nm 2.8 times, and at λ = 780 nm 2.3 times, the flux at λ = 740 nm was used (taking into account the differences in the photon energies for the light sources that were used). Under these conditions, photoexcitation was carried out for the same length of time for each source; this provided an equally efficient exposure dose.
Photoexcitation of HeLa cells without the photosensitizer or after incubation of cells with photosensitizer, but without photoexcitation, had no effect on the amount of cells in the flasks. At λ = 740 nm the photoexcitation power density was I = 10, 20, 25, and 30 mW/cm 2 , while the luminous energy dose was 10 J/cm 2 . For convenience in analyzing the results, the data for the effective power densities at λ = 668 and 780 nm are shown in Fig. 3 . It can be seen that under these exposure conditions the fraction of destroyed cells is essentially the same for all these wavelengths. For fluxes I = 10 and 20 mW/cm 2 the fraction of destroyed cells exceeds 90%, while for I = 25 and 30 mW/cm 2 a reduction in the efficiency of cell destruction is observed. Most likely the drop in the phototoxicity of the dye in the cells with increasing flux is caused by a reduction in the concentration of oxygen and by photodecomposition of the photosensitizer [15] [16] [17] . These data indicate that the photoactivation efficiency for destruction of cancer cells when the number of photons absorbed per unit time by the photosensitizer is kept constant is the same for each of the three wavelengths.
Thus, for a transparent biological medium there are no differences in the activity of the photosensitizer for exposure to radiation within the confines of the principal absorption band of the photosensitizer.
In the in vivo experiments, the efficiency of the photochemotherapeutic action of the dye was estimated in terms of the depth of damage to solid tumors of laboratory animals. To determine the time over which the dye concentration in the tumor tissue is constant, a study was made of the time evolution of the dye buildup in the tissues after intravenous delivery to the animals. The amount of dye in the tumor tissue in vivo was determined from the intensity of the fluorescence spectra of the photosensitizer. In order to confirm the correspondence between the fluorescence intensity and the dye concentration in the living organism, studies were done with several concentrations of the photosensitizer given to the animals. It was found that the intensity of the dye fluorescence is directly proportional to the concentration of the photosensitizer given to an animal (Fig. 4) .
Based on the in vivo pharmacokinetics for the different types of tumors, the optimum time for beginning a photochemotherapy session after introduction of the photosensitizer was found to be 3 h. To choose the optimum luminous energy dose a study of the M-1 rate sarcoma strain was made with irradiation at doses of 100, 160, 240, and 320 J/cm 2 by light at λ = 740 nm and with a sensitizer concentration of 5 mg/kg. An analysis of sections of the tumors showed that for doses of 100 and 160 J/cm 2 necrosis boundaries were clearly visible in a histotopographic section of Sa M-1 with a shape corresponding to the light beam and depths of 12 ± 2 and 15 ± 2 mm. For a luminous , the damage to the tumor node reached its boundaries at a depth (>20 mm) and for 320 J/cm 2 complete necrosis of the entire tumor node was observed. These results show that it is appropriate to compare the efficiency of destruction of tumor nodes for a luminous exposure energy dose at λ = 740 nm within a range of 100-160 J/cm 2 . It has been shown [18] that the half width and position of the maximum in the fluorescence spectrum of polymethene dye are the same (Fig. 2) in HeLa cells and in a living organism (taking the absorption of blood components into account). Because the polarity of the medium has a significant influence on the spectral and luminescence characteristics of the class of compounds [19] under study, this agreement suggests identical surroundings for the photosensitizer molecules in vivo and in vitro; thus, the absorption spectra of the photosensitizer for these systems are the same. Hence, as in the case of the HeLa cell culture, the amount of photons absorbed by the photosensitizer per unit volume of tumor in vivo per unit time at λ = 668 nm was kept the same by using radiation with a flux 2.8 greater and at λ = 780 nm, 2.3 times greater, than at λ = 740 nm. Under these conditions an effective exposure dose ensur- ing absorption of the same number of photons per unit tumor volume by the photosensitizer was attained for each source over the same exposure time. Table 1 lists the results of the effect of the different light sources on the RS-1 tumor strain for a dye concentration of 5 mg/kg and on the Sa M-1 strain for a dye concentration of 2 mg/kg. It can be seen here that the average depth of destruction of the interwoven Sa M-1 rat tumors at ?780 nm is 1.5 times greater than for λ = 740 nm and 3 times greater than for λ = 668 nm; that is, within the spectral range studied here the depth of damage to the tumor tissue increases with the wavelength of the light source.
The ratio of the mean depths of necroses for the two strains of tumor studied here for light at 740 and 668 nm are essentially the same (1.46 and 1.5). It should be noted that this agreement has been observed for the RS-1 and Sa M-1 strains, which differ in their rates of growth, microcirculation alveus, and histological structure, while the photosensitizer concentrations differ by a factor of 2.5, the luminous energy doses are 160 and 130 J/cm 2 , and the laser energy fluxes are different. The increase in the depth of necrosis when light with λ = 740 nm is used instead of λ = 669 nm corresponds to the increase in an optical parameter -the transmission of light by the tissues -and therefore, an increase in the depth to which the light can penetrate into the tissue on moving into the IR [20, 21] . The transmission of biological tissue at 668 nm is 1.2-1.5 times greater than at 740 nm [20] [21] [22] [23] . The absorption coefficients of biological tissues at λ = 780 and 740 nm are fairly close [20] [21] [22] [23] , and at the same time, a significant (up to a factor of 1.5) difference in the depth of necrosis for irradiation with light at λ = 780 and 740 nm was observed. Hence, the differences in the depth of damage to tumors during irradiation by light with different wavelengths is not determined solely by differences in the transmission by the tissues.
When the same number of photons per unit time is absorbed by the photosensitizer per unit volume for light sources at 668 and 780 nm, the actual incident irradiation dose is higher than for λ = 740 nm. This causes heating of the tissues and leads to an increase in the rate of blood flow; this facilitates the arrival of new portions of sensitizer in the irradiated section of the tumor and, in principle, can influence the damage efficiency. However, during irradiation at 668 nm, the depth of damage in the tumor nodes is shallower than at 740 nm, although the actual luminous exposure dose for the 668 nm source is greater by more than a factor of two. Therefore, in this case the higher luminous energy flux and dose are not the factors determining the increase in the depth of necrosis.
The most important factor in the increased efficiency of damage to the tumor tissues with increasing interaction wavelength is the increased yield of free oxygen in the tissue owing to photodissociation of oxyhemoglobin molecules in blood [24] [25] [26] . The quantum efficiency of the photodissociation process is several percent and increases with increasing wavelength [25, 27] . A calculated spectrum of the action of laser light on the photodissociation capacity of oxyhemoglobin has been published [25] . This spectrum implies that the photodissociation efficiency of hemoglobin complexes in blood vessels at λ = 780 nm is almost a factor of three times greater than for 740 nm and more than a factor of 10 times greater than for 668 nm. It has been found [28, 29] that during irradiation by light from two sources with different wavelengths, one of which coincides with the absorption peak of the photosensitizer while the second coincides with the same for hemoglobin, the efficiency of photodynamic therapy increases. The observed effect was qualitatively explained in terms of the photodissociation of oxyhemoglobin [28] . In our case, on going to irradiation at 780 nm the amount of oxygen in the irradiated tumor tissue also increases because of a local increase in the tissue temperature, which enhances the photodissociation quantum yield for hemoglobin [30] . Here the increased blood flow ensures that a higher concentration of photosensitizer is maintained in the tumor. All of these factors increase the efficiency of photodynamic therapy.
Conclusion.
Under conditions such that the photosensitizer absorbs an equal amount of photons per unit time, the photocytotoxicity of tricarbocyanine dye in a HeLa cancer cell culture is independent of the wavelength of the irradiating light. In in vivo experiments with animals, the average depth of damage to interwoven rat tumors of strains RS-1 and Sa M-1 increased with increasing wavelength of the exciting light when the number of photons absorbed by the photosensitizer per unit time per unit tumor volume was kept fixed. The differences in the depth of damage in tumors for sources with different wavelengths are determined both by differences in the optical transmission of the tissues and by differences in the photodissociation efficiency of hemoglobin in blood vessels.
